Video data provide compellingly easy access to behavioral phenomena, enabling researchers to study events that are too quick to comprehend in a single viewing and helping them to develop reliable observational methods and apply them to complex interactive phenomena. Yet the use of video techniques in behavioral research has been limited by a variety of obstacles, including expensive hardware, the complexity of specialized editing tools, and problems of storage, portability, and access to archives of video data. The advent of digital video technology has dramatically reduced the barriers to entry into video-based research techniques for data collection.
Once video data are collected, problems of transcribing, editing, storing, and coordinating them remain. New software standards for representing video on computers promise to help in overcoming this final hurdle to the easy incorporation of video data into a variety of research paradigms and presentations.
In the present article, we provide an introduction to the synchronized multimedia integration language (SMIL, pronounced "smile"), an increasingly accepted crossplatform markup language for working with video and other multimedia information. We provide examples of how SMIL can be used to simplify common research tasks. We also present TransTool, a free Windows application that simplifies the transcription and indexing of video files and also generates SMIL output for use in video analysis and presentation. In addition to being a useful tool in and of itself, TransTool can serve as a prototype that demonstrates how the combination of SMIL, embedded software for playing digital video, and rapid application development environments (such as Visual Basic) can be used to automate a large number of research tasks involving digital media.
WHAT IS SMIL?
SMIL is a markup language (like HTML) rather than a programming language (such as C or Java). It uses plain text to tag certain types of multimedia content, creating a set of commands that are recognized by media players such as RealPlayer, QuickTime Player, or Internet Explorer. SMIL files do not themselves store media but only reference them (just as an HTML page references applets, images, and other elements). The function of a SMIL file is to specify exactly how, where, and when each media element should be used in a multimedia presentation. Although multimedia files come in many forms, SMIL files are plain-text files, a fact that facili-
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Video-based techniques have become central to many areas of social science research, although their use has been limited by the expense and complexity of tools for working with video information. New standards for the representation of digital video make the manipulation of video for observational research a far less time-consuming and expensive process than it once was. We provide an overview of SMIL, a cross-platform markup standard, and guidelines on how it can be used to edit, synchronize, caption, and present video clips with no need to modify the original digital video files. We also present TransTool, a free Windows program that can generate SMIL files for playing video clips of interest along with captions and codes. TransTool can also be used as a transcribing and coding tool that synchronizes video and text such as transcripts. These tools greatly facilitate tasks such as creating video events with multilanguage transcripts, showing synchronized views of the same event, quickly extracting clips from longer video files, and incorporating video clips into presentations and web pages. Example SMIL files and the TransTool program can be downloaded from http://www.psych.uiuc.edu/~kmiller/smil.
tates their creation, modification, and incorporation into other programs.
SMIL is an XML-based standard of the World-Wide Web Consortium (W3C), designed to provide a common framework for the integration of different video and audio formats (Hoschka, 1997) . SMIL provides a presentation and timing model that can work with a variety of media formats, including several compressed video and audio formats (depending on the player used, these can include RealMedia, QuickTime, and MPEG). Background information and the full specification can be found on the official SMIL Web site (W3C, 2003a) .
All of the video presentation and editing tasks that will be discussed here could also be accomplished using a traditional video editing suite. SMIL has two major advantages over solutions that rely on expensive hardware or software editing systems. The first is that there is a significant saving of time, processing power, and media storage, since SMIL files store only instructions rather than copies of the digital media themselves. With a traditional video editing approach, changing captions or selecting clips would require editing and re-rendering to produce new files, whereas with SMIL only the text instructions would have to change.
The second advantage is particularly significant for those developing a number of presentations for research purposes, such as multiple video stimuli for different conditions in an experiment. Rather than use complex application programming interfaces to work directly with raw digital video data, SMIL provides a convenient way to access and control what is shown with the help of just a few lines of text that can be generated from within any programming or scripting language.
SMIL also has an interesting implication for multimedia files that are accessible from the Internet. Currently, video and audio files cannot be indexed by search engines, but SMIL files are text files that can be indexed. Thus, SMIL can provide a method for indexing multimedia information for retrieval from the Internet.
WORKING WITH SMIL: THE FOOL'S MATE EXAMPLE
This discussion of SMIL will be framed in terms of a simple example that shows what can be done with this language (all files, along with production details and other tips, can be accessed at http://www.psych.uiuc. edu/~kmiller/smil). We chose the RealMedia compressed format for this example because it provided the optimal video quality for its size, but we could have used other formats as well (see the Appendix). The code listings in this article all conform to the SMIL standard as specified by W3C (2003a) and will play without modification in the RealOne player, which may be downloaded free of charge from http://www.real.com. Some minor modifications of the syntax in these files are required in order to play them in the QuickTime Player. (These changes and tips on producing files that will play in both players are described in the Appendix).
We videotaped a short chess game, illustrating the four-move fool's mate. The event was videotaped with three cameras, one focusing on the board and one focusing on each player. Commentaries were also produced, in both written and spoken forms. In the following sections, we describe how these media sources can be synchronized and combined to produce increasingly sophisticated representations of this event. Figure 1 shows a very rudimentary SMIL file for playing a file called board.rm that shows the chessboard camera angle. The example shows the final move made by Black (the player using the black pieces), starting 16 sec into the clip and ending 11 sec later (27 sec into the clip). The file is a plain-text file that can be typed in any text editor (e.g., Notepad or Wordpad on Windows, SimpleText on Macintosh systems, and vi on Unix) and then saved with an extension of .smi or .smil.
PLAYING PART OF A CLIP
SMIL files must begin and end with the ϽsmilϾ and Ͻ/smilϾ tags, respectively. The body of the file (between the ϽbodyϾ and Ͻ/bodyϾ tags) describes the content to be played and where and how it should be presented. In this case, the single line of the body tells the player the type of content (video), where the content is to be found (in a file called board.rm in the default directory), where in the file to begin playing (16 sec into the clip), and when to stop (27 sec into the clip). The total duration of this edited sequence would thus be 11 sec. As is often the case with SMIL, there are other means of achieving the same effect. In this case, one could replace clip-endϭ"27s" with durϭ"11s" (the dur attribute specifies the duration of the clip).
Although this is a very simple SMIL file, it could be called from a PowerPoint presentation or Web page to present a specific segment from a longer video clip. Because compressed digital video is difficult to edit, the ability to extract a clip with just a few commands can come in handy. 
Coordinating Perspectives
One of the most appealing applications of SMIL for behavioral science researchers is its ability to coordinate the presentation of multiple views of the same event. The ability to look at the same event from different points of view is critical to understanding complex interactional processes, such as those that go on in conversations, classrooms, and other social situations. The use of SMIL in coordinating different perspectives will be demonstrated with our three camera angles on the fool's mate example.
In Figure 2 , a powerful feature of SMIL is introduced: the ability to define playback regions. The general layout of the playback environment is described between the ϽheadϾ and Ͻ/headϾ tags. Within an overall layout window that is 1,080 pixels wide and 240 pixels high, three regions are defined, each with a width of 360 pixels and a height of 240 pixels. All three are positioned at the top of the screen, and each is positioned at a different distance from the left so that they appear to be in a straight line from left to right.
The body of the SMIL file again specifies the clips to be played and their starting and ending points, but now each video tag also includes a region directive that specifies where the clip should be played (video_left, video_ center, and video_right, respectively).
The ϽparϾ and Ͻ/parϾ tags specify that the media elements contained within are to be played in parallel rather than sequentially. The dur attribute within the ϽparϾ tag limits the length of the presentation to exactly 30 sec, irrespective of the lengths of the individual clips within it. One of the many advantages of this type of presentation is that the video recordings need not be precisely timed to begin with, because we can use SMIL to start playing each of the clips at a different point (using the clip-begin attribute) in order to maintain synchrony.
Adding Voice-Overs
The next example shows how one can add voice-overs, transcripts, and commentary to any SMIL presentation. In Figure 3 , we took the three-camera view (see Figure 2 ) and added the voice-over file as an audio media source (the rest of the SMIL file remains the same). This presentation does not start the video clips until 5 sec of the audio track have already been played, so that the introductory commentary can be presented. This delay is specified with the begin attribute, which tells the player the exact time after which the clip should begin to play (note that this is different from the clip-begin attribute, which specifies the starting point of playback, in seconds from the start of the clip). The types of audio files that can be played back will be determined by the media player that the user chooses.
Captioning in Multiple Languages
A particularly useful feature of SMIL is the ability to flexibly present any of a variety of captions in synchrony with video information. This is especially useful for researchers who wish to present examples in languages unfamiliar to their viewers. The segments can be transcribed in the original language and the transcripts synchronized to the video (e.g., using TransTool, as described in the next section). The transcripts can then be translated into another language, independent of the video. As long as each statement in the original (synchronized) text file is replaced by its equivalent in the translation, the secondlanguage captions will play in synchrony with the video.
Transcripts or captions can be stored in a separate file in a plain-text format such as RealText or QuickTime Text (see University of Illinois, 2000, for an overview of the use of QuickTime Text). Figure 4 shows a very simple RealText file that defines a text window 560 pixels wide and 100 pixels high and specifies a point in time when each line of text should be shown within that window. The ϽfontϾ and ϽcenterϾ tags specify basic display information, but see RealNetworks (2002) for additional text display options.
This RealText file can be played on its own in the RealOne player as a stand-alone window with timed text, but its utility becomes apparent when it is combined with a video clip. The SMIL code depicted in Figure 5 plays back a RealText file as a media source, in synchrony with the other video and audio media presented in the previous example (Figure 3) . Figure 6 shows a still image of what this file would be like when played back.
In order to display text as a caption or subtitle, a new region needs to be defined where the text track can be displayed. This is done by defining region ''text_subtitle'' in the layout section of the SMIL file. This region is positioned 260 pixels from the left and 250 pixels from the top of the window; it is 560 pixels wide and 100 pixels high. The ϽtextstreamϾ tag in the main body of the SMIL file tells the player which text file should be played along with the video clips, and the region in which it is to be played. Multiple caption or transcript tracks can be presented by defining new regions and assigning different RealText files to each of them.
Putting It All Together
The final example shows how SMIL can be used to produce a unified presentation from multiple sources of video, audio, and text information, obviating the need to use a video editing program to produce presentation materials.
In Figure 7 , a single video region is defined because we want the presentation to appear within a single frame. The ϽseqϾ and Ͻ/seqϾ tags ensure that all the media clips listed within will be played one after another in sequence, creating a perfectly synchronized, edited presentation. The outermost ϽparϾ and Ͻ/parϾ tags are used to play the voice-over track in parallel with the edited video clips.
In order to give the viewer enough time to see each chess player, the presented event is longer than the actual event. Shots of a player sometimes continue after the other player has already begun his or her move. The presentation then switches to show the other player's move from the beginning. Thus, what took 30 sec in real time takes 36 sec in this video presentation.
Other Capabilities
SMIL supports several additional capabilities beyond those demonstrated here. Although the examples shown so far have dealt with the issue of creating static multimedia content, SMIL can be used to define transitions (such as fades and wipes), create animations, select different media elements on the basis of user settings (such as showing the appropriate subtitles on the basis of the viewer's default language, selecting among different video streams on the basis of the viewer's bandwidth, among many other options), provide hyperlinks within a presentation, and create interactive content that responds to user events such as mouse clicks and keyboard inputs. Further examples can be found at http://www.psych.uiuc. edu/~kmiller/smil, along with links to additional SMIL resources.
In the next section, we describe an application that demonstrates the ease with which video data can be manipulated by a software program.
ANALYZING AND PRESENTING VIDEO DATA WITH TRANSTOOL
TransTool is a freeware Windows application that was developed by the Cognitive Development Laboratory of the University of Illinois (Kumar, 2003 ) as a prototype for automating research tasks such as the transcription, coding, and presentation of digital video data. It is essentially a database application that links individual records with specific time points in a video clip and can then generate basic SMIL files synchronized with transcripts for presentation.
Recently, there has been an explosion of software tools for coding and/or transcribing video records. Some of these are part of comprehensive video analysis systems, such as the free Transana program (University of Wisconsin, 2002) and the commercial packages Observer Video-Pro (Noldus Information Technology, 2003; Noldus, Trienes, Hendriksen, Jansen, & Jansen, 2000) and ObsWin (Martin, Oliver, & Hall, 2000) . Most packages are available for variants of the Windows operating system, although programs for DOS (e.g., Procoder by Tapp, 1996 ; see also Tapp & Walden, 1993) and the Macintosh operating system (e.g., vPrism by LessonLab, 2003 , and MacSHAPA by the Institute of Aviation, University of Illinois, 1997; see also Sanderson et al., 1994) are available. TransTool was designed to be a lightweight, stand-alone tool that would meet the most basic needs of researchers who analyze video clips. It provides a straightforward interface for transcribing and coding video files, and it can be used for generating some basic SMIL files. The transcription and coding functionalities demonstrate how media players can be precisely controlled from within software programs, and the SMIL generation feature shows an example of how a database of transcript information can be used to automatically create captioned video presentations in different languages.
The application was designed with Visual Basic 6.0, a popular rapid application development environment. It has been tested with Windows 98, 2000, and XP running on Pentium II, III, and 4 processors with clock speeds of 200 MHz or faster. The program works with video files in the MPEG, MPEG4, and RealMedia formats and requires the RealOne player. The combination of Visual Basic and the RealPlayer ActiveX control allowed us to create a prototype application in very little time, since the methods and properties of the ActiveX control gave us complete and precise cuing and playback information for the video clip.
In the next two sections, we describe how TransTool can be used for transcribing and coding a video clip and how the software can be used to generate SMIL presentations that can display the video along with the transcript and the codes on the basis of the user's choices.
Transcribing Features
TransTool's main window (see Figure 8 ) provides a video window and a data table with entries linked to the video clip by means of a time stamp. The video window is actually a RealPlayer window that has its own VCRlike controls for starting, stopping, pausing, and scrolling along any MPEG or RealMedia clip. When the program starts, the user must first load a video clip using the File menu. A blank transcript is opened by default, but the user can open an existing transcript database file. Each row or record of the transcript file contains (1) a time stamp that corresponds to a precise time point in the video, (2) a column labeled "Actor," (3) a column for transcribed text, and (4) other user-defined columns for codes or any other information the user wishes to synchronize with the video.
The buttons on the right are used to work with the video clip and the data table. The buttons in the upper set (1) mark the current record with the time stamp of the video clip's current position, (2) play a video clip from the exact point specified in the current record, and (3) pause the video clip. The buttons in the lower set allow the user to manipulate the data table by adding, deleting, or sorting the records according to the time stamp. All the buttons have keyboard shortcuts that make it convenient for a transcriber to pause and play the video clip, cue it instantly to a specific time point, or replay a clip repeatedly from a specific point (in order to catch hard-to-hear audio information).
The Menu bar at the top provides access to other TransTool functions. Apart from the basic loading and saving of media clips and transcripts, the File menu also allows users to import text data from other applications into new transcripts and to export existing transcripts as tab-delimited text files that can be read by most spreadsheet and analysis packages.
Further details and a copy of the program are available on our website at http://www.psych.uiuc.edu/~kmiller/ dvguide/analysis_tools.htm.
Automatic SMIL Generation
TransTool can automatically generate two kinds of files from a transcript. The first is a RealText file (see Figure 4 for an example) that includes each record of the transcript along with the time stamp for that record. The second is a SMIL file that creates two regions-one for the video clip and the other for the RealText file created in the previous step-and specifies the parts of these two media sources that should be played back in synchrony. This SMIL file looks very much like the file shown in Figure 5 . Both files as well as the original video clip are needed in order to create an integrated presentation.
SUMMARY AND CONCLUSIONS
SMIL provides a flexible and standards-based format for synchronizing multimedia sources. It can be used to coordinate the presentation of different views of the same event, present video synchronized with audio and text information, and combine segments of different files to produce a single integrated presentation. Most important, C:\Documents and Settings\All Users\Desktop\black.mdb getting started with SMIL requires nothing more than a text editor and a player (most are available on line free of charge). Several graphical user-interface tools for authoring SMIL also exist (see W3C, 2003a, for a partial listing), but the language is easy enough to learn and the examples in this article should provide a reasonable set of templates for some common research needs.
TransTool is an example of how developers can utilize rapid application development tools (such as Visual Basic) or simple scripting languages (such as PHP or even the macro language within Microsoft Excel) to manipulate digital video data in a sophisticated manner using SMIL. Researchers who want to use digital video for their analysis tasks can begin with a simple and free program such as TransTool for transcription, coding, and generation of basic SMIL files for presentation. Later, they can extend or customize TransTool to meet their evolving needs, or move on to one of the more comprehensive systems mentioned previously.
SMIL and TransTool provide important new capabilities of organizing, annotating, and presenting multimedia information. Coupled with inexpensive techniques for recording and storing video records, these capabilities make complex social interactions increasingly accessible to researchers for analysis and presentation.
